Endoscopic ultrasound-guided biliary drainage (EUS-BD) has been increasingly reported as an ABSTRACT Background and Objectives: Endoscopic ultrasound-guided biliary drainage (EUS-BD), first reported as an alternative to percutaneous transhepatic BD in failed endoscopic retrograde cholangiography, is sometimes performed as reintervention for transpapillary stent dysfunction such as in patients with new onset gastric outlet obstruction, but direct conversion to EUS-BD can potentially have a risk of leakage of infected bile. The aim of this study is to evaluate the safety and efficacy of conversion to EUS-BD using a temporary endoscopic nasobiliary drainage (ENBD) tube placement as a reintervention for prior BD. Patients and Methods: Sixteen patients with prior BD for malignant biliary obstruction undergoing conversion to EUS-BD using a temporary ENBD tube placement were studied. Technical and clinical success rate and adverse events were evaluated. Results: The major reason for conversion to EUS-BD was recurrent cholangitis due to duodenobiliary reflux (n = 13). In 14 patients with an indwelling covered metal or plastic stent, the stents were removed before temporary ENBD placement. After a median duration of 6 days, subsequent conversion to EUS-BD using a covered metal stent was performed, which was technically and clinically successful in all 16 patients (14 hepaticogastrostomy and 2 choledochoduodenostomy). Adverse events were observed in 3 patients (19%): one bleeding, one cholecystitis, and one cholangitis. No bile leak, peritonitis, or sepsis was observed. Conclusions: Conversion to EUS-BD using temporary ENBD tube placement in patients with prior BD was technically feasible and relatively safe without infectious complications related to bile leakage.
alternative to percutaneous transhepatic BD (PTBD) in cases with failed endoscopic retrograde cholangiography (ERCP) for malignant biliary obstruction (MBO). [1, 2] The reasons for EUS-BD can be failed deep biliary cannulation, altered gastrointestinal (GI) anatomy, or gastric outlet obstruction (GOO), but failed biliary cannulation is rare by an expert in the absence of anatomical reasons and GOO is the major reason for EUS-BD. GOO can adversely affect the outcomes of transpapillary biliary stenting even if ERCP is technically successful. We previously reported that both duodenal invasion [3] and an indwelling duodenal stent [4] are risk factors for dysfunction of transpapillary biliary stenting due to duodenobiliary reflux even if patients have no GOO symptoms. Thus, EUS-BD can be an alternative to repeated transpapillary stenting in those patients with recurrent stent dysfunction due to duodenobiliary reflux. [5] Conversion to EUS-BD is preferable in these cases because even though transpapillary stenting is technically possible, its stent patency can be short and because the ampulla would be soon inaccessible after the progression of GOO. Since GOO is often preceded by MBO, [6] EUS-BD is often performed as conversion from transpapillary stenting rather than as the initial BD in this setting. However, the technique of conversion to EUS-BD in prior BD has not been established. Direct conversion to EUS-BD in patients with prior BD can be potentially complicated by leakage of infected bile and severe peritonitis. Therefore, we tried to insert endoscopic nasobiliary drainage (ENBD) after removal of the indwelling biliary stent, followed by EUS-BD after resolution of cholangitis. Herein, we aimed to evaluate safety and efficacy of this conversion to EUS-BD technique utilizing temporary ENBD placement.
SUBJECTS AND METHODS

Patients
Consecutive patients with unresectable MBO who underwent conversion to EUS-BD utilizing temporary ENBD tube placement between August 2011 and November 2014 at the University of Tokyo Hospital and three affiliated hospitals were retrospectively studied. This study was approved by the local ethical committee.
Procedure
The decision to convert to EUS-BD was made after at least two episodes of cholangitis with and without stent occlusion due to duodenobiliary reflux. First, ERCP with an ENBD tube placement was performed as reinterventions for transpapillary stenting or EUS-BD. Prior biliary stents including a fully or partially covered metallic stent (CMS) was removed endoscopically if possible. Then, a 5-Fr or 7-Fr ENBD tube was placed in the left intrahepatic bile duct or upper common bile duct.
Second, EUS-BD, either hepaticogastrostomy (HGS) or choledochoduodenostomy (CDS), was performed as the second session after resolution of cholangitis [ Figure 1 ] by one of three experienced endoscopists (YN, NY, and HI). All EUS procedures were performed using a linear echoendoscope (GF-UCT 240-AL5 or GF-UCT 260; Olympus Medical Systems, Tokyo, Japan, or EG-530 UT2; Fujifilm Corp., Tokyo, Japan), which was connected to a processor featuring color Doppler function (EU-ME1 or EU-ME2; Olympus Medical Systems, or SU-8000 or SU-1; Fujifilm Corp., Tokyo, Japan) under moderate sedation with intravenous diazepam (10-20 mg) and pethidine hydrochloride (35-70 mg). After EUS scope insertion, contrast was injected through an ENBD tube to inflate the bile duct and to guide the puncture site. Excessive contrast injection was not performed to avoid bacteremia or sepsis from the increased bile duct pressure. Visualization of the biliary system was then performed both on EUS and fluoroscopy. Then, the targeted bile duct was punctured with a 19-gauge FNA needle (Expect Flex, Boston Scientific, Natick Mass, or SonoTip Pro Control, MediGlobe, Rosenheim, Germany), flushed with contrast material, instead of a stylet. The puncture of the bile duct was confirmed by contrast injection on fluoroscopy or by aspiration of the bile if possible.
Contrast was half-diluted to allow visualization of subsequent guidewire manipulation in the bile duct on fluoroscopy. Then, a 0.025 inch guidewire (VisiGlide, Olympus Medial, or Revowave, Piolax Medical, Tokyo, Japan) or a 0.035 inch hydrophilic guidewire (Radifocus, Terumo, Tokyo, Japan) was inserted deeply into the bile duct. Then, fistula dilation was performed using coaxial electric cautery (Cysto-gastro-set, ENDO-FLEX, Voerde, Germany), biliary bougie dilator (Soehendra biliary dilation catheter, Cook Medical, Bloomington, IN, USA), and/or balloon dilation (Hurricane Rx, Boston Scientific Japan, Tokyo, Japan). Then, a CMS was placed through the fistula and ENBD tube was removed. Prophylactic antibiotics were routinely administered for both ENBD tube placement and EUS-BD procedures.
Study outcomes
The primary outcome was technical success. Secondary outcomes were clinical success and procedure-related adverse events. Technical success was defined as placement of EUS-BD stent in an appropriate position. Clinical success was defined as resolution of obstructive jaundice and cholangitis if any. Procedure-related adverse events were defined according to the lexicon. [7] 
RESULTS
Patients
Between August 2011 and November 2014, a total of 46 patients underwent EUS-BD using a CMS for MBO. Among them, ENBD placement was temporarily placed before conversion to EUS-BD in 16 patients. Patient characteristics are shown in Table 1 and Figure 2 . The reason for conversion to EUS-BD was recurrent cholangitis due to duodenobiliary reflux in 13, altered GI anatomy in 1, hemobilia due to BD across the tumor in 1 and post-ERCP pancreatitis after transpapillary BD due to anomalous pancreaticobiliary junction in 1. In one patient with prior EUS-CDS, a temporary ENBD tube placement through CDS fistula and conversion to EUS-HGS were performed due to new onset GOO and recurrent cholangitis. Prior BD was CMS in 10, plastic stent (PS) in 2, ENBD in 1 for distal MBO (n = 13), and PS through an occluded uncovered metal stent in 2 and ENBD in 1 for hilar MBO (n = 3). Median time to cholangitis in transpapillary stenting was 42 days in patients with recurrent cholangitis due to duodenobiliary reflux.
Endoscopic nasobiliary drainage tube placement
All CMS and PS were endoscopically removed, followed by ENBD tube placement. Two patients received ENBD at the initial ERCP because decision of conversion to EUS-BD was made during ERCP. In one case with distal MBO, tight duodenal stricture at the ampulla was diagnosed at the initial ERCP and the patient was considered as unfit for transpapillary biliary stenting. In the other case with altered anatomy, the insertion of double balloon enteroscope was difficult and only a 5-Fr ENBD tube placement for hilar biliary obstruction was technically possible.
Conversion to endoscopic ultrasound-biliary drainage
In cases with concomitant cholangitis, EUS-BD was scheduled after resolution of cholangitis by ENBD tube placement, and the median interval from ENBD placement and EUS-BD was 6 (range, 1-10) days. No ENBD dislocation was observed before EUS-BD. Adverse events were observed in 3 patients (19%): Moderate bleeding (n = 1), moderate cholecystitis (n = 1), and moderate cholangitis (n = 1). No bile leak, peritonitis, or sepsis was observed. The cause of cholangitis was due to obstruction of peripheral side branch of intrahepatic bile duct by the covering membrane of CMS.
DISCUSSION
In our retrospective analysis, conversion to EUS-BD using a temporary ENBD tube placement in patients with prior biliary stent placement for MBO was technically and clinically successful in all attempted cases. Temporary ENBD placement, rather than direct conversion to EUS-BD, can potentially prevent infectious complications such as bile peritonitis or sepsis in cases undergoing EUS-BD for recurrent biliary obstruction due to prior stent occlusion.
There are some advantages of EUS-BD over conventional transpapillary stenting, especially in patients with duodenobiliary reflux, which was the major reason for EUS-BD in our cohort. We reported an association of GOO with poor outcomes of transpapillary BD. [3, 4] Khashab et al. reported comparable efficacy of EUS-guided rendezvous technique and transmural stent placement after failed ERCP. [8, 9] However, in patients with an indwelling duodenal stent, EUS-BD was superior to transpapillary biliary stenting in terms of stent patency in our analysis, [5] probably due to decreased duodenal motility and increased duodenal pressure in these cases. The other advantage of EUS-BD is drainage without crossing the tumor or the orifice of pancreatic duct. BD across the hypervascular tumor can cause recurrent stent occlusion by hemobilia. Patients with high risk for post-ERCP pancreatitis such as patients with anomalous pancreaticobiliary junction in our cohort can potentially benefit from conversion to EUS-BD from transpapillary BD, too.
Bile leak with subsequent peritonitis is one of the major complications in EUS-BD. [10] [11] [12] [13] [14] In cases with prior biliary interventions, bile is infected or contaminated by microorganisms, and bacterial biofilm exists on an indwelling biliary stent. [15] Our conversion technique to EUS-BD consists of two parts: Removal of the indwelling stent and insertion of ENBD. The aim of removal of the indwelling CMS or PS is to reduce the amount of bacterial biofilm and sludge attached to the stents. In addition to improving cholangitis due to prior stent occlusion, ENBD tube can both facilitate EUS-BD procedure and work as a safety net. Although EUS-BD was successful in all cases in our cohort, the presence of ENBD can prevent severe bile leak and peritonitis even if EUS-BD fails. Park et al. [16] reported a small case series of EUS-HGS after failed ERCP for transpapillary biliary metal stent occlusion. They performed direct EUS-HGS, as opposed to our 2-step EUS-BD, without any complications such as bile leak or peritonitis, but the procedure was performed by a single endoscopist with EUS-BD expertise. In multicenter studies, [10] [11] [12] [13] [14] the incidence of adverse events in EUS-BD varies from 8% to 35% and bile leak and/or peritonitis was reported in 2.8-11.1%. In addition, the incidence of adverse events of the intrahepatic approach was as high as 30% in most of studies. The overall incidence of adverse events of 19% without any bile leak or peritonitis seemed to be relative low, given the high rate of EUS-HGS performed in our study cohort. The absence of bile leak or peritonitis might be attributable to the use of ENBD.
Although EUS-BD is increasingly reported, its learning curve is still unclear due to the limited number of cases and its training system will be an important issue to generalize this procedure without increasing complications. Recently, an ex vivo training system for interventional EUS [17] is reported, but our technique of temporary ENBD placement before EUS-BD might be useful for trainees to learn EUS-BD under supervisions of experienced endosonographers in the clinical practice.
The possible drawback of ENBD placement is shrinkage of the biliary system, which hinders EUS-guided puncture. However, contrast injection at the time of EUS-BD could redilate the biliary system in all cases. In addition, the combination of cholangiogram and EUS image helps endoscopists as a roadmap to determine the appropriate puncture site and needle angle, making subsequent guidewire passage and device insertion easier. The other technical aspect we should notice at the time of conversion to EUS-BD is the needle puncture of the bile duct. Due to the chronic inflammation from the prior BD, the bile duct wall gets thickened and hard and there is more resistance at the needle puncture compared with EUS-BD as the initial drainage. As we experience at PTBD, we must confirm the EUS image of the needle tip going through the bile duct wall as well as the aspiration of the bile through the needle if possible.
A retrospective design of this analysis without a comparative group is the major limitation of this study. Theoretically, the presence of ENBD can be a safety net but the success rate of EUS-BD in this cohort was 100%, and prevention of bile leak or peritonitis by ENBD placement cannot be confirmed when EUS-BD fails.
CONCLUSION
Conversion to EUS-BD using a temporary ENBD tube placement in patients with prior biliary stent placement was technically feasible and relatively safe without complications related to the leak of contaminated bile.
